Background. Margin status is one of the strongest prognosticators after resection of pancreatic ductal adenocarcinoma (PDAC). The clinical significance of pancreatic intraepithelial neoplasia (PanIN) at a surgical margin has not been established. Methods. A total of 208 patients who underwent R0 resection for PDAC between 2004 and 2008 were selected. Intraoperative frozen section slides containing the final pancreatic parenchymal transection margin were evaluated for presence or absence, number, and grade of PanINs. Data were compared to clinicopathologic factors, including patient survival. Results. PanIN lesions were present in margins in 107 of 208 patients (51.4%). Median number of PanINs per pancreatic resection margin was 1 (range, 1-11). A total of 72 patients had PanIN-1 (34.6%), 44 had PanIN-2 (21.1%), and 16 had PanIN-3 (7.2%) at their margin. Overall median survival was 17.9 (95% confidence interval, 14-21.9) months. Neither the presence nor absence of PanIN nor histological grade had any significant correlation with important clinicopathologic characteristics. There were no significant survival differences between patients with or without PanIN lesions at the resection margin or among patients with PanIN-3 (carcinoma in situ) versus lower PanIN grades. However, patients with R1 resection had a significantly worse outcome compared with patients without invasive cancer at a margin irrespective of the presence of PanIN (P = 0.02). Conclusions. The presence of PanINs at a resection margin does not affect survival in patients who undergo R0 resection for PDAC. These results have significant clinical implications for surgeons, because no additional resection seems to be indicated when intraoperative frozen sections reveal even high-grade PanIN lesions.
Pancreatic ductal adenocarcinoma (PDAC) has a dismal prognosis. The American Cancer Society estimated that in 2010 approximately 43,140 individuals were diagnosed with pancreatic cancer in the United States and that 36,800 died from it. 1 These numbers underscore the extremely poor prognosis for patients with this devastating disease. Almost 80% of all patients have distant metastases (M1) at the time of diagnosis or an advanced primary tumor that is no longer resectable. 2 Modern strategies of chemo-or radiotherapy are essentially ineffective to improve the dismal course of disease.
Cure from PDAC is rarely achieved. A complete resection of the cancer, whenever feasible, may improve the patient's prognosis. Numerous studies have investigated whether the presence of clear resection margins (R0 resection) influences outcome compared with resection with invasive cancer left at a margin (R1 and R2 resections) with ambiguous results. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] While R2 resections can usually be avoided with careful preoperative imaging and planning, microscopic margin involvement (R1 resection) still occurs with relatively high frequency. 13, 16 The significance of intraoperative frozen section consultation has been an issue of considerable debate, but no international consensus exists on the optimal procedures to assess margins. We and other centers utilize intraoperative frozen-section consultation to adapt the extent of resection to achieve margins free of invasive carcinoma whenever reasonably possible. This approach reduces the risk that the final margins will be positive on permanent sections. The most appropriate approach to the pancreatic parenchymal resection margin when it harbors a non-invasive precursor lesion, is however, not clear. In particular, a consensus has not been achieved on how best to handle pancreatic intraepithelial neoplasia high-grade (PanIN-3; also known as (a.k.a.) carcinoma in situ) when it is present at the pancreatic parenchymal resection margin (the ''pancreatic neck margin''). In such instances, both pathologists and surgeons need to weigh the iatrogenic risks of resecting additional pancreatic parenchyma, such as endocrine insufficiency versus the incremental survival benefit that such additional resections may afford. There is, however, very little evidence-based medicine to determine the impact of leaving a PanIN-3 behind at a resection margin. Indeed, the 7th edition of the American Joint Committee on Cancer (AJCC) staging manual is vague on this issue, classing an R1 resection ambiguously as ''microscopic residual tumor.'' 18 As a result, some centers in Europe have interpreted PanIN-3 at a margin to be an R1 resection, whereas most centers in the United States would reserve that designation for residual invasive carcinoma.
We designed the present study to assess the impact, if any, of PanIN lesions at a surgical margin after curative resection (R0) for PDAC. We did not identify any statistically significant impact of PanINs in the final resection margins on overall survival, including the presence of PanIN-3. Our findings, if validated in larger studies, should provide the basis for consensus in intraoperative decision making, when surgeons and pathologists are faced with a PanIN at a resection margin.
PATIENTS AND METHODS
This study was approved as human subjects exempt by the Johns Hopkins Institutional Review Board. Our prospectively maintained Surgical Pathology Database was queried for patients who underwent R0 resection for PDAC from January 1, 2004 to December 31, 2008, at The John Hopkins Hospital (JHH). R-status was defined following the AJCC guidelines (R0: no residual tumor; R1: microscopic residual tumor; R2: macroscopic residual tumor) with R1 reserved for cases with microscopic residual invasive carcinoma. 18 Cases with PanIN only at a margin were considered R0 resections for purposes of this study. We identified 208 consecutive patients with R0 resections and from whom the frozen transection margin slides were available for microscopic reevaluation. For survival calculations, we identified another 141 patients with available survival data treated within the same period of time who had a R1 resection after partial pancreatectomy for PDAC. Patients who underwent total pancreatectomy or cases with pathologic diagnosis other than PDAC or those cancers observed in association with an IPMN or MCN were excluded.
PanINs were defined using standard nomenclature as described below. 19 The presence or absence of PanIN lesions at the transection margin were compared with a variety of clinicopathological parameters, including patient age, patient gender, surgical therapy, tumor size, tumor histology, lymph node status, and vascular, perineural, and lymphatic invasion. Patients with PDAC within the pancreatic head, uncinate process, or neck most often underwent pancreaticoduodenectomy with preservation of the pylorus. PDACs located more distally in the pancreatic body or in the tail of the pancreas were resected by a distal pancreatectomy, usually including splenectomy. A lymphadenectomy was undertaken in all patients. A lymph node was regarded as positive whenever it contained carcinoma, including cases in which the invasive cancer directly extended into a lymph node. If the primary tumor proved to infiltrate an en bloc resection was attempted. Data on possible radiation/chemotherapy regimens and resulting response were not collected for our study. Overall survival was the primary endpoint and determined as the time from the cancer-directed operation until death or last patient contact.
Frozen-Section Margin Analysis
Frozen sections of the pancreatic parenchymal transection margin (the ''pancreatic neck margin'') prepared at the time of surgery were stained by hematoxylin and eosin staining (H&E staining). Subsequently, resection margins were formalin fixed and paraffin embedded for permanent section evaluation. These permanent sections were the slides retrospectively evaluated in our study. Histopathology review was undertaken by three experts in pancreatic pathology (RHH, AM, SMH). The entire margin was reanalyzed for the presence or absence of an invasive carcinoma. In addition, these sections were also evaluated for the number and type of PanIN lesions. PanINs were classified in accordance to the international consensus guidelines. 19 Briefly, PanIN-1A demonstrate a flat epithelium with columnar cells and uniform basally located nuclei; PanIN-1B lesions exhibit a more papillary growth pattern and are otherwise identical to PanIN-1A lesions. PanIN-2 lesions are more architecturally complex and also demonstrate greater nuclear abnormalities than do PanIN-1 lesions. PanIN-3 lesions (a.k.a. carcinoma in situ) have substantial architectural, cytological, and nuclear atypia. PanIN-1A and PanIN-1B lesions were grouped together as PanIN-1 in our study. 20 
Statistics
Statistical computations were performed by using SPSS Ò version 17 (SPSS Inc., Chicago, IL). We compared mean values by Student's t test or simple ANOVA. Continuous variables, including age of patients and tumor size, are presented as median with interquartile range (IQR) and 95% confidence interval (CI). Association between categorical variables were compared using v 2 or Fisher's exact tests. We used the Kaplan-Meier method to calculate survival curves compared by the log-rank test. Patients who died B30 days postoperatively were excluded from outcome analyses. A P value \0.05 was considered statistically significant.
RESULTS

Patients and Treatment
The clinicopathologic, tumor-related, and surgery-related data are presented in Table 1 . Information is presented for all patients and stratified by the presence or absence of PanIN in the final resection margin. Our study included 106 men (51%) and 102 women (49%) with a median age of 66 (IQR, 59-74) years; 179 patients were Caucasian (86.1%). All of the resection margins were confirmed to be free of invasive carcinoma (R0). The primary PDAC was predominantly located in the pancreatic head in 181 patients (87%), and these patients underwent a pylorus-preserving (n = 124; 59.6%) or a classic pancreaticoduodenectomy (n = 57; 27.4%). A distal pancreatectomy was undertaken in 27 patients (13%) whose cancers arose in the neck, body, or tail of the pancreas. The median follow-up for all R0 resected patients of our study was 17.9 (range, 1.6-64.5) months. By the time of most recent data accrual, 77 patients (37%) were still alive with a median postoperative survival time of 10 (range, 1-27) months after their primary tumor resection. The remaining 131 patients (63%) were followed until their death.
Pathological Data
The median maximum tumor diameter was 3 (IQR, 2.5-4) cm. Most patients had a T3 lesion (n = 125; 72.3%), followed by T2 (n = 33; 19.1%), and T1 tumors (n = 12; 6.9%); only three patients (1.7%) had a T4 lesion. These latter patients were included because they had negative final resection margins. Fifty patients (24%) were pN0. In our series, 158 patients (76%) were pN1 (at least 1 lymph node metastasis). Histologically, most carcinomas were moderately differentiated (G2: n = 117; 56.3%). Eightyone lesions were poorly differentiated (G3; 38.9%), whereas nine were well-differentiated (G1; 4.3%) and one lesion proved to be undifferentiated (G4; 0.5%). Perineural invasion was identified in 187 patients (89.9%). Microscopic invasion of lymph vessels and blood vessels was observed in 35 patients (16.8%) and 99 patients (47.6%), respectively. The presence or absence of any PanIN lesion at the resection margin had no significant impact in association with a variety of clinicopathological parameters, including the patient's age, gender, surgical therapy, tumor size, histology, lymph node metastasis, patients' survival, and vascular, perineural, and lymphatic invasion (all P [ 0.05).
Transection Margin Analysis
The status of PanINs at the pancreatic parenchymal transection margin is presented in Table 2 , and representative margins are shown in Fig. 1 . PanIN lesions were identified at the margin in 107 patients (51.4%). In those a median of 1 PanIN (range, 1-11 PanINs) was identified at margin. The remaining 101 patients (48.6%) did not have any PanINs in their final pancreatic parenchymal transection margin. Most frequently PanIN-1 lesions were observed (n = 72; 34.6%), followed by PanIN-2 (n = 44; 21.1%) and PanIN-3 lesions (n = 16; 7.2%).
Patients' Overall Survival According to Presence and Grade of PanIN at the Margin
We compared patient overall survival with respect to presence or absence of PanIN in the pancreatic resection margin. The median overall survival for R0 patients in whom we detected any grade of PanIN in their resection margin was 17.7 months (n = 101; 95% CI, 12.7-22.6 months; 1-year overall survival, 65.4%; 3-year overall survival, 16.2%), whereas it was 18.5 months for R0 patients without any PanIN lesions at the margin (n = 107; 95% CI, 12.9-24 months; 1-year overall survival, 67.9%; 3-year overall survival, 15.2%). There was no significant difference in overall survival for patients with R0 resections relative to the presence or absence of any grade of PanIN in resection margin (log-rank test, P = 0.88; Fig. 2) .
Additionally, we determined if there is overall survival difference between R0 patients with PanIN-3 (n = 15) versus those with PanIN-1 or PanIN-2 (n = 92) as highest grade of PanIN on resection margin. The median overall survival for R0 patients with PanIN-1 or PanIN-2 as highest grade on resection margin was 16.7 months (95% CI, 11.9-21.6 months; 1-year survival, 65.6%; 3-year survival, 10.5%), whereas it was 20.7 months for those with PanIN-3 (95% CI, 3.5-37.9 months, 1-year survival 53%, 3-year survival, 28.3%) as highest grade on resection margin. This difference was not statistically significant (log-rank test, P = 0.87; Fig. 3) .
Finally, we compared the survival of patients with microscopic invasive carcinoma at a resection margin (R1 resections) to the patients with R0 resections. The median overall survival for R1 patients was 14.6 months (n = 141; 95% CI, 12.5-16.7 months; 1-year overall survival, 61.1%; 3-year overall survival, 8.8%). As shown in Fig. 2 , patients with R1 resections (microscopic invasive carcinoma at a margin) had a significantly worse survival than did patients with PanIN only (P = 0.02) and patients with no lesion at their margins (P = 0.02).
DISCUSSION
As observed in the present study, numerous, but not all, studies have shown that the presence of microscopic invasive carcinoma at a resection margin (R1) reduces survival after the surgical resection of pancreatic cancer. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] 21 The value of the intraoperative frozen-section consultation is an issue of ongoing debate. One major advantage of this procedure is that the surgeon may immediately adapt the extent of resection to the frozensection margin status, thereby potentially avoiding leaving behind invasive carcinoma at a margin.
Whether noninvasive precursor lesions left in vivo at a margin after the surgical resection of an invasive carcinoma confers an adverse impact on patient outcome is not clear. In particular, PanIN-3 lesions (i.e., carcinoma in situ) are believed to be the immediate precursors to an invasive adenocarcinoma. 19, 20 Whether further resection of pancreatic parenchyma for a PanIN-3 at a margin is indicated is unknown. The risks and complications from resecting additional pancreatic parenchyma have to be balanced with (1-year survival, 65.4%; 3-year survival, 16.2%), whereas it was 18.5 months for those without any grade of PanIN (n = 107; 1-year survival, 67.9%; 3-year survival, 15.2%). There was no significant difference on patients' survival according to presence or absence of any grade of PanIN on resection margin (log-rank test, P = 0.88). However, the overall survival in patients with PanINs (P = 0.02) and patients without PanIN/cancer (P = 0.02) was significantly better than in a group of 141 patients with infiltrating cancers at margin the risk of the residual disease progressing to invasive cancer.
Our study showed that a majority of patients who undergo surgical resection of an invasive pancreatic cancer have PanIN lesions in their final frozen section margins. Despite investigations that show that the presence of PanIN increases with age we did not find any such correlation. 22 Given the multifocal nature of PanIN lesions within cancerous pancreata, most of the lesions at the margin presumably represent independent noninvasive neoplasms. We were not able to demonstrate a statistically significant prognostic impact of PanINs at the margin, including that of high-grade PanIN-3 lesions. This suggests that the patient's invasive carcinoma is the primary driver of prognosis. Considering the rapid pace at which most invasive pancreatic cancers progress, it is likely that any residual PanINs do not have time to progress to invasive cancer. 23 Our results are to a certain extent in contrast to a study by Kim et al., who found that even microscopically tumor-negative margins in PDAC may harbor KRAS mutations and that the presence of mutant KRAS at a margin has adverse prognostic impact in the respective patient. 17 Because the AJCC staging manual is vague on the definition of an R1 resection, ambiguously defining R1 as ''microscopic residual tumor,'' we also compared the survival of patients with PanIN or no lesion at a margin, with a separate group of patients with microscopic residual invasive carcinoma at a final margin. 18 We found that patients with microscopic residual invasive carcinoma had a significantly worse (P = 0.02) outcome, suggesting that the designation R1 should be reserved for only cases with residual microscopic invasive carcinoma.
The present study had some limitations, such as the retrospective nature, the relatively small number of patients with PanIN-3 lesion at a margin, and the fact that not all of the patients received the same adjuvant treatment. Although two-thirds of the patients in this study were followed until death, some were lost to follow-up and data on the patterns of recurrence were limited on others. This largely reflects that our institution is a tertiary referral center and postoperative treatment and follow-up often is performed at other hospitals. Hence, no reasonable conclusions could be made about important issues, such as the impact of PanINs at margin on recurrence pattern. In addition, even though our sample size was fairly large (N = 208 patients), we cannot rule out a type II statistical error in our finding that there is no difference in survival between patients with PanIN versus no PanIN at a margin.
CONCLUSIONS
The prognostic significance of PanIN has not been extensively studied. In our study of 208 patients, the presence of PanINs in pancreatic resection margins was not associated with survival in patients who underwent complete resection (R0) for PDAC. These results suggest that no additional resection might be necessary if intraoperative frozen sectioning reveals only PanIN lesions at the margin. Prospective randomized trials, including larger cohorts applying systematic pathologic sampling and assessment standards, may in the future determine the most appropriate margin clearance in PDAC.
